Background-A multicentre randomised controlled trial to evaluate screening by "once only" flexible sigmoidoscopy (FS) for prevention of bowel cancer is in progress. Aims-To pilot the trial protocol examining rates of attendance, yield of neoplasia, and adverse eVects. Subjects-A total of 3540 subjects aged 55-64 years in Welwyn Garden City (WGC) and 19 706 in Leicester (LE). Methods-Subjects responding positively to an "interest in screening" questionnaire were randomised to invitation for screening or control arms. Small polyps were removed during screening. Colonoscopy was undertaken for high risk polyps (more than two adenomas, size at least 1 cm, villous histology, severe dysplasia, or malignancy). The remainder were discharged. Results-In WGC and LE respectively, 59% and 61% indicated an interest in screening, of which 74% and 75% attended. Adenomas were detected in 10% and 9%, respectively, and cancers in 7 per 1000 (in both centres), 55% at Dukes's stage A. The colonoscopy referral rate was 6% in both centres. Mild, short lived bleeding occurred in 3%. One person died following surgery. Conclusions-Compliance rates, yield of adenomas, and referral rate for colonoscopy were as expected, but cancer detection rates were higher. Adverse eVects following sigmoidoscopy or colonoscopy were mild and transient, but there was one postoperative death. A randomised trial is necessary to evaluate fully the risks and benefits of this intervention. (Gut 1998;42:560-565) 
Colorectal cancer remains the second most common cause of death from malignancy in the Western world, with no likelihood of major improvements in mortality through the treatment of symptomatic disease in the near future. Population screening using faecal occult blood tests oVers the prospect of a 15% decrease in mortality 1 2 ; this is mainly due to diagnosis of cancer at an early pathological stage. Flexible sigmoidoscopy (FS), perhaps performed only once around the age of 60 years, has been put forward as a potential method of cancer prevention through identification and removal of premalignant adenomas. 3 A multicentre randomised controlled trial to test this hypothesis is now in progress in the UK.
In preparation for this trial, issues relating to population compliance, pathological yield, and the adverse eVects of the screening process required detailed assessment. An initial small study in Welwyn Garden City included people registered with two general practices; this was followed by a larger study in Leicester, the first full sized centre in the multicentre trial, aimed at allowing various assumptions regarding the above mentioned issues to be assessed in the context of the main trial protocol.
Methods

STUDY POPULATIONS
The first study in Welwyn Garden City (WGC) included two general practices with 3540 patients in the eligible age range (55-64 years). The second study in Leicester (LE) was more heterogeneous socioeconomically and included 19 706 eligible patients from a mixture of general practices (20 in total), varying in size, distance from the hospital, and locale (inner city, suburban, market town, rural). RECRUITMENT Approval was obtained from the local ethics committees. Participating general practitioners were asked to exclude patients with colorectal cancer, inflammatory bowel disease, colorectal endoscopy within the previous two years, or severe illness.
In order to increase compliance rates, a two stage recruitment procedure has been adopted, whereby subjects are entered into the trial if they respond positively to the question, "If you were invited to have the bowel cancer screening test, would you take up the oVer?" (fig 1) . An "interest in screening" questionnaire was mailed, with an accompanying letter on the patients' practice headed notepaper signed by the senior partner, to all patients in the age range. Brief information about bowel cancer and the screening test was included. A reminder was sent after two weeks to nonresponders. Those returning a completed questionnaire in the prepaid envelope provided and expressing an interest in having the test were randomised to the control or intervention groups in the ratio 2:1. The unit of randomisation was the household. An important objective of these studies was to examine uptake rates for each stage of the recruitment procedure.
INVITATION FOR SCREENING
A patient management system was developed (RE) to facilitate the scheduling of appointments and communicating the results of screening. In both centres, screening was performed in the endoscopy unit by experienced specialist gastroenterologists. Invitations with a specified appointment were sent five weeks in advance to those randomised to the intervention arm. Subjects were asked to telephone to confirm, change, or cancel their appointment. To ensure that all available slots in each session were filled, a 50% overbooking system was used. Initially, in WGC, an attempt was made to telephone the non-responders to encourage them to attend. This proved to be unproductive. Subsequently, a written reminder was sent to non-responders after two weeks. When the original appointment was still available, this was oVered again. When it was not available, because of the overbooking system, they were oVered an appointment six weeks ahead. Those who had confirmed their appointment were mailed their bowel preparation (either a single sachet of Picolax or a single phosphate enema: Fletchers' Enema, Pharmax Ltd). The eYcacy and acceptability of the two forms of bowel preparation oVered will be described in a separate paper (in preparation).
SCREENING PROCEDURE
The flexible sigmoidoscopes (Olympus model CF-2005) were connected to a VDU monitor. The endoscopist advanced the scope as far as could be achieved without producing pain or stress (normally to just beyond the sigmoid colon-descending colon junction). No medication was oVered and the examination was not expected to take longer than five minutes. After the examination, participants were given their results by the endoscopist. They were advised to telephone the endoscopy unit if they had any worries in the next few days and to visit their general practitioner if they developed symptoms in the future.
MANAGEMENT OF POLYPS AND SUBSEQUENT
INVESTIGATION
Polyps less than 1 cm in size were removed during FS screening. Polyps of diameter 1 cm or larger were removed subsequently at colonoscopy. Following histological examination of small polyps, those with three or more adenomas, tubulovillous or villous histology, or severe dysplasia were sent a letter which advised them of their results and included a colonoscopy appointment date. Subjects were told that they could speak to the endoscopist if they had any questions or anxieties. The remaining subjects with low risk polyps were discharged and oVered no further clinical follow up (fig 2) . During this phase of the trial only, subjects found to have five or more hyperplastic polyps above the distal rectum were sent for colonoscopy. This group was included since it has been suggested that the presence of metaplastic polyps is a predictor for both synchronous and metachronous adenomas. 4 5 
ADVERSE PHYSICAL OR PSYCHOLOGICAL EFFECTS
The occurrence of adverse physical and psychological eVects associated with the entire screening procedure was carefully monitored. Anxiety status was ascertained before and three months after screening using a postal questionnaire (results to be reported later). Subjects were also asked to complete a questionnaire asking about adverse eVects on the morning after screening.
STATISTICAL ANALYSIS
Armitage's test for trend was used to test for diVerences between the centres and between men and women in the number, size, histology (tubular, tubulovillous, villous) and grade of dysplasia (mild, moderate, severe) of polyps detected at screening FS, comparing for each individual the largest and most advanced polyp detected. The trend test was used for similar comparisons of the pain experienced (none, mild, moderate, severe), of pain experienced versus expected (less painful, the same, more 
Results
RESPONSE TO THE "INTEREST IN SCREENING"
QUESTIONNAIRE
The initial mailing of the "interest in screening" questionnaire, sent to 3540 subjects in WGC, produced a response rate of 53%; the reminder sent to the 1657 non-responders produced a response rate of 48%, increasing the total response rate to 76%. In total, 2100 (59%) responded positively (indicating that they would probably or definitely have the test if invited) and were entered into the trial (table  1) . In LE, the questionnaire plus a reminder was sent to 19 706 people, producing a response rate of 78%. A total of 12 199 (61%) responded positively, and were entered into the trial.
RESPONSE TO INVITATION FOR SCREENING
By the end of the study in WGC, 536 (74%) of the 719 people invited had attended. Of these, 488 (68%) responded to the initial invitation and the remaining 48 after either a written or telephone reminder. In LE, 1030 individuals were oVered an appointment before the end of 1995 and 770 (75%) had attended by May 1996. Of these, 653 (63%) attended after an initial invitation and 116 after a written reminder (51% of those sent a reminder).
The attendance rate among those who had indicated on the initial questionnaire that they would definitely have the test if invited was 82% in both centres, compared with 63% and 47% respectively in WGC and LE among those who said they would probably attend.
YIELD OF POLYPS AND CANCERS AT FLEXIBLE
SIGMOIDOSCOPY
Polyps were removed from slightly more subjects in LE than in WGC (24% versus 21%) due to the removal of significantly more polyps of size 1-5 mm, the majority of which were found to be metaplastic (table 2) . Polyps of this size, if they had the typical appearance of metaplastic polyps, were not removed in WGC. Values are expressed as number (%). Values are expressed as number of subjects (%). *Largest, most advanced histopathology. †Any of the following: >3 adenomas, >1 cm, tubulovillous, villous, severely dysplastic, malignant, >5 metaplastic polyps.
The prevalence of adenomas was similar in WGC and LE (10% versus 9% respectively). However, adenomas in WGC were significantly larger, more villous, and more severely dysplastic than in LE.
High risk polyps (including cancers) were detected in 32 (6%) and 44 (6%) subjects in WGC and LE. An additional four were erroneously classified as high risk in WGC. All were referred for colonoscopy. Two people refused colonoscopy in WGC, but both had already had their distal adenomas removed at FS. At the time of writing, two in LE are awaiting colonoscopy, one of whom has emigrated.
FINDINGS AT COLONOSCOPY
In WGC and LE respectively, 34 and 42 individuals underwent colonoscopy, with complete examinations achieved in 29 (85%) and 31 (74%). In LE two colonoscopies were required in five patients to complete polypectomy and examine the proximal colon. Of the remaining 11 patients in LE with incomplete colonoscopy, seven underwent double contrast barium enema and the other four will be reviewed in one year. Polyps in the proximal colon were detected in five (15%) patients in WGC and five (12%) in LE. The proximal polyps in two patients in WGC and in all five in LE had advanced pathological features (at least 10 mm, tubulovillous or villous, or severe dysplasia). A sixth person in LE had a cancer detected at the splenic flexure (see below).
CANCERS
Four cancers were detected among the 536 people screened in WGC (0.8%) (table 3). All were located in the sigmoid colon. There were two Dukes's stage A, one Dukes's stage B, and one Dukes's stage C. One patient was treated endoscopically and the rest underwent surgery.
Four cancers were detected at screening among the 749 people screened in LE (0.5%). There were three Dukes's stage A and one Dukes's stage C. A fifth, Dukes's stage C cancer, was found at colonoscopy. This was in a 63 year old woman in whom a 4 mm moderately dysplastic tubulovillous adenoma had been detected in the sigmoid colon. She underwent a colonoscopy at which a 5 cm cancer was detected in the descending colon.
EXPERIENCES OF THE TEST
Around 80% in both WGC and LE reported that they had experienced either no or mild pain and in almost half the people screened it was less than expected (48% versus 44%). A similar proportion in WGC and LE rated the pain they had experienced as moderate or severe (18% versus 14%, p=0.6) or more painful than they had expected (19% versus 13%, p=0.11), although most described feeling discomfort rather than pain (table 4). Women reported significantly more pain than men.
The most common complaint after the procedure was wind, which was reported as being moderate or severe in 50% in WGC compared with 24% in LE (p<0.0001) (table 5). The reduced rate in LE was probably due to the use of carbon dioxide for insuZating the bowel, since carbon dioxide is more rapidly absorbed through the bowel wall than air. The next most frequent complaint was of abdominal pain (WGC 19% versus LE 12%) followed by anal irritation (WGC 7% versus LE 10%). Very few subjects reported feeling faint or dizzy, suVering from nausea, or incontinence. Sleep disturbance was reported significantly more frequently in LE, probably because the screening clinics were held in the afternoons in LE and in the mornings in WGC.
ADVERSE PHYSICAL REACTIONS
Bleeding was spontaneously reported by seven people (1.3%) in WGC and 33 (4.6%) in LE. In 14, the bleeding followed polypectomy. One man was admitted following cold biopsy of a suspected cancer and was discharged the next day. Another man suVered a myocardial infarc- Values are expressed as number (%). *p(trend) for diVerences between men and women in each centre in ratings, excluding those patients who did not record a response. †p(trend) for diVerences between Welwyn Garden City and Leicester in ratings as above.
tion shortly after the test. One woman in WGC suVered a vasovagal attack and another at LE had continuous diarrhoea for several days after taking Picolax. One patient in LE died after developing peritonitis and septicaemia following an open colotomy for removal of a 1 cm severely dysplastic tubulovillous adenoma at the splenic flexure. Endoscopic polypectomy had been attempted on two occasions but was unsuccessful because of the diYculties in fixing the polyp in a suitable position for snaring.
Discussion
Two studies have now been completed examining our estimates of rates of interest in and attendance for screening, yield of neoplasia, and adverse eVects with a single flexible sigmoidoscopy screen at age 55-64 years. The similarity in the results between the two centres, despite diVerences in geographical location and socioeconomic status, is evidence of their robustness.
High compliance rates are required in randomised trials, analysed by intention to treat, firstly to maximise the power for a given sample size and secondly to obtain a more accurate estimate of the screening eVect. On the assumption that people who attend for screening have similar risks to those who do not, a study with a 50% compliance rate, when analysed by intention to treat, will observe only 50% of the true eVect of the intervention and will require four times the sample size to achieve the same power. If incidence rates in the non-compliers are higher than in the compliers, an even smaller eVect will be observed (this does not appear to be the case in this study, as discussed below). Attendance rates of 74% were achieved in both centres by sending a preliminary questionnaire designed to identify people who were more likely to attend. The trial participants selected in this way constituted 60% of those sent the questionnaire. Assuming zero compliance in the rest, the 74% attendance in the 60% who indicated that they would attend represents an overall compliance rate of 44% (74% of 60%). This figure is similar to the 47% attendance rate achieved in the feasibility study undertaken in a neighbouring population in Welwyn village. 6 Thus it appears that the two stage recruitment procedure increased the uptake rate among trial participants by almost 30%.
Based on the results of previous published surveys [7] [8] [9] we had predicted that 8-10% of screened subjects would have adenomas and that 3-5% would have high risk adenomas and require colonoscopy. Using population incidence rates and assuming a lead time for the diagnosis of symptomatic cancer of three years, we had anticipated that the cancer detection rate would be 1.5 per 1000. The rates of detection in WGC and LE (7 per 1000 in both centres: 95% confidence intervals 2 to 19 and 2 to 16 per 1000 respectively) were significantly higher than expected. There are three explanations for this. Firstly it is possible that the lead time for cancers detected at endoscopy is longer than has been suggested for cancers detected using faecal occult blood tests (FOBT). However the stage distribution of the cancers in this study was similar to that detected in the prevalence round of screening with FOBT in the randomised trial in Nottingham 1 (50% Dukes's A cases in each series), which is evidence against this hypothesis. A third explanation is that our questionnaire selects people who are at increased risk of cancer. That the detection rate of high risk polyps (6% in both centres) was slightly higher than predicted suggests this may have been a higher risk group. In an associated study of the predictors of interest in screening in this trial we found that those who express an interest (and are entered into the trial) report more colorectal symptoms than those who are not interested (Wardle, personal communication).
Unlike most other screening protocols this regimen attempts to ensure that the majority of screened subjects need attend only once. All small polyps are therefore removed at screening unless there is a medical contraindication. Colonoscopy is reserved for those found to have high risk polyps which include any of the following: three or more adenomas, tubulovillous or villous histology, or severe dysplasia. Those with only one or two small (not greater than 1 cm), tubular, mildly dysplastic adenomas are discharged and undergo no further clinical follow up. This is contrary to the established but unsustainable practice of unselective referral for colonoscopy for all patients harbouring adenomas. 10 However, there is much evidence that small tubular distal adenomas are associated with an increased risk of small low risk adenomas, but not of advanced neoplasia or cancer, in the proximal colon. [11] [12] [13] It was reassuring that more than 80% of people experienced only mild discomfort or none at all, and that it was rated as severe by only 1.5%. Bleeding occurred in a total of 40 subjects in the two centres but was generally mild and short lived; it followed polypectomy in about one third (14 subjects) and was associated with complaints of prolonged diarrhoea in most of the other subjects.
The findings in these studies show the likely level of uptake, yield of neoplasia, and side eVects generated by implementation of the main trial protocol. Accordingly the trial has been started in 12 others centres across the United Kingdom; it is anticipated that data on cancer incidence will become available in 10 years. 
Conclusion
These pilot studies have shown that the protocol for the multicentre randomised trial of once only flexible sigmoidoscopy is logistically feasible and is being adopted in the main trial.
Compliance rates are high, the yield of neoplasia is as expected, and the examination appears to be acceptable to screened subjects. An unexpected result was the high rate of detection of cancers. There were no serious adverse eVects of sigmoidoscopy or colonoscopy. The death of a patient following surgery emphasises the necessity for a randomised trial, not only to quantify the benefits but also to document adverse eVects, before widespread implementation of screening.
